Abstract Natal dispersal is an important component of bird ecology, plays a key role in many ecological and evolutionary processes, and has important conservation implications. Nevertheless, detailed knowledge on natal dispersal is still lacking in many bird species, especially raptors. We review and compile existing information from five tagging programmes of juvenile Montagu's harriers (Circus pygargus) in different Spanish regions, with PVC rings or wing tags, to provide an assessment of philopatry and natal dispersal of the species in Spain. Only 7% of all tagged harriers were observed as breeders in subsequent years. The percentage of philopatric (i.e. breeding within 10 km of the natal site) males and females was lower that 5%. Overall, there were no sexual differences in percentage of philopatric birds or dispersal distances, but we found study area differences. The low philopatry observed suggests a high capacity for natal dispersal in this species, for both sexes, and therefore high genetic mixing between populations. Differences in philopatry between study areas may be influenced by the different observation effort or detectability, or else reflect different philopatric strategies among populations. Finally, we found no significant differences in philopatry rate or
Introduction
Natal dispersal (hereafter dispersal) can be defined as the movements of juveniles from the parental territory to the place of their first reproductive attempt (Greenwood and Harvey 1982) . This stage of the life cycle plays a key role in many aspects of the ecology and demography of species and is therefore tightly linked to their persistence and conservation (Clobert et al. 2001; Gadgil 1971; Johnson and Gaines 1990) . In particular, dispersal distances (i.e. distance between natal and first reproductive attempt sites) are probably linked to the level of genetic mixing between populations, since dispersal is a mechanism for linking populations (Bullock et al. 2002; Clobert et al. 2001) , and therefore, its knowledge is fundamental to understand many ecological and evolutionary processes, as well as to design successful conservation strategies (e.g. Paradis et al. 1998) . Genetics and demography of highly philopatric species, where most birds return to breed close to their natal territories, may contrast strongly with those where a proportion of juveniles settle in other areas (e.g. Avise 2000; Clobert et al. 2001) . Nevertheless, detailed knowledge on dispersal is still lacking in many bird species, especially raptors, given the inherent difficulties to work with them (Penteriani and Delgado 2009 ; but see e.g. Cadahía et al. 2010; Delgado et al. 2010 ).
Sexual differences in dispersal patterns within a species or population may be also important to reduce the degree of inbreeding. In birds, the dispersive sex is usually females, whereas males tend to be more philopatric (see Greenwood 1980 for a review) . This is also common in several raptor species (e.g. Cadahía et al. 2009 Cadahía et al. , 2010 Forero et al. 2002; Hernández-Matías et al. 2010; Serrano et al. 2003) . In many raptor species, males select the breeding area and provide most of the food for the female and nestlings; in this sense, returning to a familiar site may have benefits for males in terms of assuring a good breeding site (Greenwood 1980) . However, these sexual differences in dispersal distances have not been found in other bird species, including also raptors (e.g. Negro et al. 1997 ).
Montagu's harrier (Circus pygargus) is a migratory raptor with breeding grounds in Europe and Asia and wintering areas in Africa and India (Cramp and Simmons 1980) . France and the Iberian Peninsula represent the stronghold of Western European breeding populations, where the species generally breeds in agricultural areas, mostly cereal crops (Arroyo et al. 2004) . In this species, males usually arrive first to the breeding grounds and select the nesting place (Arroyo 1995) , also providing the female with food during most of the breeding season. The species is relatively well studied, and there exist a large number of papers on several aspects of its ecology, from breeding biology to migration (see Arroyo et al. 2004 and references therein). However, barely any published data regarding dispersal in this species exist, although it is generally considered that the species is not highly philopatric (Arroyo et al. 2004) .
Here, we review and compile existing information from various medium to long-term tagging programmes of juvenile Montagu's harriers in several Spanish regions to provide a first assessment of the degree of philopatry and dispersal of the species in Spain. Specifically, we evaluate: (1) the proportion of juveniles observed breeding close to their natal area and (2) dispersal distances. We also assess whether these two parameters vary (a) between sexes, (b) among regions, and (c) whether they may be influenced by the tagging method used [polyvinyl chloride (PVC) rings vs. wing tags; see "Tagging and dispersal data"]. We discuss both the potential for population connectivity in this species and its implications for conservation, as well as the potential impact of tagging techniques and monitoring effort in results obtained when evaluating dispersal in this species.
Methods

Tagging and dispersal data
We used data from five juvenile harrier tagging programmes in different regions of Spain ( Fig. 1): (1) Madrid (central Spain), where wing tags were used in a 200-km 2 agricultural area from 1992 to 1998 (monitoring period, 1991-2000) ; monitoring effort was high and associated to a population research project aimed to locate all nests in the area and to tag all fledglings in the study area every year (Arroyo 1995 (Arroyo , 2002 Arroyo et al. 2002) ; (2) (monitoring period, 2002 to 2008) ; monitoring effort was also high and associated to a population study that aimed to locate most of the nests every year and tag a significant proportion of nestlings (those fledged from ca. 75% of nests of the population ; however, reading of PVC rings was hindered by access to nests and perching places; and (5) Tarifa (Southern Spain) , where PVC rings were used in a 50-km We noted the total number of males and females tagged each study year in each region. Juvenile harriers were sexed by means of iris colour, a technique that has been proven extremely accurate in this species (Forsman 1999) . In Tarifa region, fledglings were not sexed in the first three tagging years. Sex ratio of sexed nestlings in this area during the other years was 1:1 (18 males:17 females). Thus, for the years for which harriers in this region were not sexed, we estimated the number of birds of each sex tagged in a given year as half the total number of fledglings tagged in this year. Overall, a total of 1,662 juvenile harriers were tagged in these programmes during the study periods mentioned above (Table 1) . Observations of these tagged birds in subsequent years were achieved during monitoring activities of the different populations. Outside these study areas, tag readings were provided by ornithologists or by people working in Montagu's harrier conservation programmes (and thus looking for nests). We considered birds as "breeders" when they were seen involved in breeding activities (males transferring food to females, entering nests, etc.; Arroyo and García 2007) ; additionally, we also included observations of tagged harriers if they were repeated and well within the breeding period (May-June), even if no proof of breeding had been provided (this happened mostly for observations in Fig. 1 Location of the study areas and observations of dispersing Montagu's harriers (birds observed breeding beyond 10 km from their natal places). Each observation has the symbol (in smaller font) of the study area where the bird was tagged. All birds observed around the Madrid study area were born in that study area. The breeding areas of the species in Spain are depicted in light grey (in 10×10-km pixels; modified from Arroyo and García 2007) Extremadura, where monitoring was not intensive, and also for some of those outside the study areas, provided by occasional observers, as specified above). We only used data of the first known breeding attempt for calculations (i.e. excluding observations of the same birds in subsequent years). For every used observation, we calculated the distance from the natal place to the breeding site (±1 km).
Statistical analyses
Montagu's harrier pairs have a home range during the breeding season of ca. 5-10 km around the nest (Arroyo et al. 2004; Guixé and Arroyo 2011) . Additionally, pairs build their nests on the ground every year, and the exact location may change up to several kilometres, considering the interannual spatial variation in habitat associated to farmland dynamics. Therefore, we considered a harrier as "philopatric" if it was found breeding for the first time within 10 km from its natal nest. This definition is similar to that used in other raptors (Negro et al. 1997; Forero et al. 2002) but may be also considered as a conservative estimate, as birds breeding at distances farther than 10 km from their natal nest may be considered as nesting within the same population. For comparison, we also calculated the proportion of birds breeding for the first time within 50 km from their natal nest (Table 1) .
First, we calculated the percentage of "philopatric" birds for every region. Even if monitoring effort varied strongly between study areas, we consider that this figure is mostly comparable among areas, as most of the effort was done close to tagging sites. We analysed the differences in these percentages among regions and between sexes, as well as for the two tagging techniques (wing tags vs. PVC rings) using chi-square tests (Zar 1999) . Secondly, we calculated the median dispersal distance for non-philopatric birds (those found breeding farther than 10 km from their natal place) for every region, sex and tagging method, and differences in this variable between sexes and tagging methods were assessed using the non-parametric Mann-Whitney test (Zar 1999) .
Results
Table 1 summarizes percentages of observed birds from those tagged in each region and also according to tagging technique, as well as median dispersal distances (for those birds found first breeding beyond 10 km from the natal site). Overall, only 117 Montagu's harriers (7% of tagged birds) were ever observed breeding in subsequent years. There was a trend for fewer observations of harriers tagged with PVC rings than with wing tags, although the percentages of This includes number of birds tagged, proportion of tagged birds of both sexes observed subsequently breeding (percent of females and males observed), proportion of tagged birds breeding closer than 10 km from the natal site (percent of males/females observed <10 km) or closer than 50 km from the natal site (percent of males/females observed <50 km) and median dispersal distances (calculated only from birds breeding >10 km from the natal site). For percentages, sample size (number of birds observed) is shown in brackets. Totals per tagging technique (PVC rings and wing tags) are calculated pooling data from all sites using the same technique. The overall totals are calculated pooling data of all study areas observations were not significantly different (χ 1 2 03.63, p00.06).
The percentage of both females and males observed breeding within 10 km of the natal site was lower than 5% (Table 1) , and did not vary significantly between sexes (χ 1 2 01.2, p00.2). This percentage strongly varied among sites for females, being close to 10% in the two sites with higher monitoring intensity (Madrid and Tarifa; Table 1 ). The percentage of "philopatric" males also varied strongly between sites, even between the two sites with highest monitoring intensity (χ 1 2 026.6, p00.001). In Tarifa, a striking 25% of tagged males were observed breeding (or attempting to breed) close to their natal territories.
For those individuals that dispersed (i.e. were found breeding for the first time farther than 10 km from their natal site), the median dispersal distance at which they were observed was not significantly different between sexes (Mann-Whitney U0251, p00.66, Table 1 ). However, the overall dispersal patterns (according to dispersal distances distribution) were different for males and females, and all but one of the recorded dispersal distances higher than 100 km corresponded to females (Fig. 2) , the longest being 508 km. In general, median dispersal distances at which harriers were observed were higher when using wing tags than when using PVC rings (Table 1) , although differences were not statistically significant (Mann-Whitney U0127.5, p00.15). In the case of males with PVC rings, observations of breeders only occurred within 10 km of the natal site.
Discussion
Results in this study indicate that, in general, a relatively low proportion of Montagu's harrier fledglings tagged with either PVC rings or wing tags are observed breeding in subsequent years. The likelihood of observing tagged birds as breeders depends on a combination of factors, such as survival probability, degree of philopatry, observation likelihood and monitoring effort. The latter two factors are likely to decrease with distance from the natal site, as most studies have a high observation effort within the limits of the study areas but much lower outside them, and hence, the probability of detecting a tagged bird outside monitored areas is also lower. Additionally, observation probability is likely to depend on the tagging technique; it is generally easier to detect a wing tag on a bird than a PVC ring on a leg (Green et al. 2004) , and it is also easier to read the individual codes at a longer distance, whereas reading PVC rings is usually possible only when birds are perched relatively close from the observer. Moreover, the higher visibility of wing tags increases the probability of viewing and reading tagged birds outside the well-monitored study areas, since these observations generally rely on occasional observers (who may be less willing to spend long periods of time to wait for a bird perching in the adequate conditions for reading a PVC ring). However, our results suggest that tagging technique seems to have a smaller effect on observation probability than monitoring intensity or observation ease. For example, in Castellón, despite the high monitoring effort, it was difficult to identify all breeding birds individually due to the combination of difficult-to-detect tags used (PVC rings) and the nature of the study area (birds nested in dense shrub and were difficult to approach at close distances, and they had several natural sites to perch, thus preventing the use of artificial perches to read PVC rings). On the contrary, it seems that in Extremadura or Huesca, despite the use of wing tags and the open agricultural habitats, the low monitoring effort (due to the absence of a specific monitoring population programme or the very large area covered in the case of Extremadura) may have prevented achieving more observations and hence better results on harrier dispersal. Finally, there are several breeding areas of the species in Spain that remain ineffectively monitored (Fig. 1) where birds may have been recruited to the breeding population, and this may influence the low total number of Montagu's harriers observed outside the study areas.
Despite the varying reliability of data from the different tagging programmes, our results indicate that a relatively small proportion of birds bred close (within 10 km) to their natal areas. Juvenile survival rate in the species has been estimated between 31% and 69%, and survival rate beyond the second winter has been estimated as 67-75% (Arroyo 2009; Millon and Bretagnolle 2008) . This means that, even using the less conservative estimate for philopatry (birds breeding within 50 km of their natal site, Table 1 ), only 8-19% of males and 13-33% of females are philopatric (estimates calculated for birds surviving 2 years, lower values using the higher survival estimates, higher values using the lower survival estimates). Thus, an important proportion of birds must settle to breed outside the natal areas, showing a high capacity for dispersal in this species, for both sexes, confirming the initial suggestion for the species (Arroyo et al. 2004) . The alternative would be that a high proportion of breeding tagged birds go unnoticed within study areas, but this is very unlikely to happen, at least with wing-tagged birds breeding in study areas that are intensively monitored for population studies like Madrid, or in small areas with high monitoring effort like Tarifa. Hence, this result also suggests a high capacity for genetic exchange between populations, which would lead to relatively low genetic differentiation between populations of Western Europe. Such low degree of population genetic structuring has been recently described in this species (García et al. 2011) .
Differences in philopatry between study areas may be influenced by the different observation effort or detectability, or else reflect different philopatric strategies among populations which may be related to breeding context (Forero et al. 2002) . In other words, even if the same proportion of juveniles would be returning to their natal area in the different populations, the actual number of birds that are recruited to the breeding population may be dependent on the number of vacant sites amongst the breeding population. In this sense, a high philopatry rate may be related to a higher carrying capacity (Soutullo et al. 2006) or to a lower survival of adult birds from this population (Hernández-Matías et al. 2010 ). This could also apply to sexual differences in philopatry observed between study areas. Differential sex-related survival rates between populations may have a significant effect in determining the percentage of birds of each sex that are actually recruited to the breeding population in a given area. For example, it is unlikely that the differences found for the proportion of philopatric males between Madrid and Tarifa, the two sites with highest monitoring intensity, are simply due to chance or monitoring effort, which may thus suggest a lower survival rate of males in Madrid. Numbers of tagged nestlings of each sex were estimated in Tarifa, but even if we assume a 70:30 male sex ratio in the years when tagged nestlings were not sexed, the proportion of philopatric males would still be 20%, much higher than the proportion observed in Madrid.
Our results also show that the method used and, more importantly, the monitoring effort and observation possibilities may have an important influence in the results achieved. Wing tags seem to provide better results in detecting long dispersal distances, although they may also have detrimental effects, including higher mortality rates, in some species (Southern and Southern 1985) . In the case of Montagu's harriers, wing tags do not seem to have effects on either survival or mating probabilities (Bavoux et al. 2001) , although more detailed studies are needed to evaluate this (as if detrimental effects would exist, this would influence the conclusions extracted from our results). The results presented in this study reflect a very large number of fledglings tagged (more than 1,500) and medium to long-term monitoring programmes; however, even then, results are mostly inconclusive for most parameters evaluated (e.g. sexual differences in dispersal, etc.). This strongly indicates that developing tagging programmes of Montagu's harrier fledglings at a small scale and without procuring very largescale and intensive subsequent monitoring is not worthwhile for evaluating philopatry and dispersal in this species. If this aspect of Montagu's harrier population ecology needs to be developed elsewhere, studies may be better focused to count on techniques other than wing tags or PVC rings (such as genetic analyses, etc.) or on working at a very large scale (as in a recent project developed in France; www.busards.com).
ringing programme was carried out by Milvus-GOES and Cigüeña Negra ringing groups. R. L. has a postdoctoral grant (reference 10/12-C) co-funded by the Consejería de Educación y Ciencia (Junta de Comunidades de Castilla-La Mancha) and the European Social Fund. Finally, we are thankful to Vincenzo Penteriani and Chris Trierweiler for their comments on an earlier draft of the manuscript. Research conducted to obtain the data presented here complies with the current laws of Spain.
